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LIGANDS SPECIFIC FOR AN ISOFORM OF THE PRION PROTEIN 

The present invention relates to ligands. More particularly the invention relates to ligands 
for prion proteins. 

Background of the Invention 

Transmissible spongiform encephalopathies (TSEs), which include Creutzfeldt* Jacob disease 
(CJD), variant CID (vCJD), bovine spongiform encephalopathy (BSE) and scrapie, are 
characterized by the accumulation of aggregates of the abnormal prion protein (PrP^^) in the 
brain and other infected tissues The normal form, PrP^, \^*dch is dominated by a-helices 
towards the C-terminus is most abundant in the central nervous system but its 
physiological function is unknowrL 

The accumulation of flie ^-structure rich isoform, PrP^, is now widely believed to result from 
the ability of this isoform to stabilize thermodynamically unfavorable, similarly folded forms 
during the folding of cellular PrP^. Althougji native PrP^ can show distinct intennediates 
during unfolding ^'^ it appears to fold from the fully denatured form very rapidly and without 
intermediates ^, conforming to the "extended nucleus" model for two-state protein folding^, 
rather than the more xisual idea of secondary structure frameworks. This interpretation leads 
to the notion that PrP might fold by a nucleation-condensation mechanism, whose outcome 
could, in principle, be diverted by the presence of an alternatively structured nucleation seed. 

The stmctural transitions involved in this process are difBcult to study and so the development 
of selective ligands for the different isoforms would provide invaluable tools for studying 
prion disease pathogenesis. In addition, reagents that were able to biad PrP^ with high 
affinity but were less able to bind PrP^ might enable one to develop sensitive methods of early 
diagnosis. 
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Conyentional antibody technology has not yet produced a PrP ligand of the appropriate 
selectivity, despite strenuous efforts using PrP knockout mice as recipients and phage- 
display technology A monoclonal antibody, 1 5B3, described by Oersch has not yet been 
made widely available and so must still be considered unproven. More fundamentally, anti- 
PrP antibodies are sensitive to the proteases that are often used to remove PrPC from PrPSc- 
containing samples ' 

As an alternative approach, the use of nucleic acid ligands, known as aptamers, derived by in 
vitro selection from synthetic oligonucleotide libraries, is possible in order to develop 
protease-resistant reagents with appropriate selectivity. RNA aptamers have been isolated 
against the protease-sensitive, N-terminus of PrP but tiiese do not discriminate between 
PrP^ and PrP^^ and are very sensitive to nucleases. 

Summary of the Invention 

The present invention provides PrP ligands. In particular, the invention provides protease 
resistant PrP ligands. Furthermore, the invention can provide nuclease resistant ligands. 

In a related aspect, the PrP ligands are used in diagnostic tests for PrP. The ligands of this 
invention have potential for a role in the development of therapeutic methods for treatment of 
TSEs. 

Preferred Embodiments 

In one preferred aspect, the ligands of this invention are selective for PrP and do not have a 
general ability to bind to proteins. Typically the ligands are not species-specific, and are 
applicable in species such as humans, cattle and sheep, though specificity can be introduced if 
desired. 



wo 01/88123 



PCT/GBOl/02228 



3 

The afBnity constant for binding to PrP is suitably in ttie range of lOpM to 10 pM, preferably 
1 to 10,000 nM, more preferably 10 to 1,000 nM. Selective binding for a PrP isoform is 
prefCTred, with selective binding to PrP^ being especiaUy preferred In this case the ratio of 
affinity constants for PrP^:PrP^'' is ordinarily at least 2:1, preferably at least 5:1. ^th a 
ratio of 10:1, the ligand has an afSnity to PrP^"" which is 10 times that for PrP^, though higher 
values up to 100 or more may be desirable. Illustratively, the affinity constant for binding to 
PrP^ is in the range 20 to 100, and for PrP^ ism the range 200 to 1000 nM. 

The invention significantly provides nuclease-resistant, protease-resistant ligands for PrP that 
have selectivity towards the disease isoform of the protein. Such ligands are 
conformationally selective and can be used to identify disease material under realistic working 
conditions. 

Thus, tiie differential binding characteristics of the preferred ligands enables a diagnostic test 
for TSEs to be devised Accordingly, the invention provides a method of diagnosing a 
disease such as CJD, vCJD, BSE or scrapie. The diagnosis can be employed at a pre-cUnical 
stage, preferably as a non-invasive procedure, for example as part of a screening program. 

A diagnostic method of this invention might comprise preparing a PrP-enriched sample, for 
example by cmde fractionation, and incubating with the ligand in the presence of a protease. 
Binding of ligand to PrP can be detected in a maimer appropriate to the ligand^ and may 
involve labelling. In a preferred method, the Ugand-PrP complex can be detected by gel 
electrophoresis. 

The present invention aldo provides a method of preferentially binding a PrP in a biological 
liquid. Particularly, the present invention provides a method of preferentially binding a 
predetermined PrP isoform in a biological composition. In a particular embodiment, the 
present invention provides a method of preferentially binding a PrP^^ in a biological ' 
composition. The method of the invention comprises incubating a ligand of the invention 
with a biological composition comprising or believed to comprise a PrP under conditions' 
^propriate for binding of the ligand to tiie prior protein. Optionally, flie binding of die 
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ligand to the prion protein and/or the absence of binding of proteins other than the desired PrP 
to the ligand may be detected. 

A biological composition as used herein may comprise proteins, cells, organ tissue such as 
tissue from brain, tonsils, ileum, cortex, dura mater, lymph nodes, nerve cells, spleen, muscle 
cells, placenta, pancreas, bone marrow and/or body fluid, for example blood, cerebrospinal 
fluid, milk, saliva or semen. 

We also provide pharmaceutical compositions containing a PrP^^-selective ligand of this 
invention with a pharmaceutically acceptable carrier or diluent 

SPECinC EMBODENffiNTS 

In a specific embodiment, the invention provides a nuclease-resistant PrP aptamer ligand. 
The aptamer can comprise 10 to 50 or more nucleotides. The aptamer ligand is suitably a 2- 
F-substituted nucleic acid, though other approaches can be used to impart nuclease stabiUty. 

In the accompanying Figure 6, we give the sequence of clones encoding ligands for PrP. The 
different sequences of Figure 6 are as follows: 

CUUUC CUAGCGCACAUGCGCACCUCUAUGCGUA AUACGAACGUUGACG 
CUUUC CUAACGCACAUGCGCACCUCUAUGCGUA AUACGAACGUUGGCG 
CGUUC CUAACGCACAUGCGCACCUCUAUGCGUA AUACGAACGUUGGCG 
CUCUC CUAACGCACAUGCGCACCUCUAUGCGUA AUACGAACGUUGGCG 
CUUUC CUAACGCACACGCGCACCUCUAUGCGUA AUACGAACGUUGGCG 
CUGUC CUAACGCACACGCGCACCUCUAUGCGUA AUACGAACGUUGGCG 
CUUUC CUAGCGCACAUGCGCACCUCUAUGCGUA AUACGAACGUUGGCG 
CUUUCGCUAGCGCACAUGCGCACCUCUAUGCGCAUAUACGAACGUUGGCG 
CUUUC CUAGCGCACACGCGCACCUCUAUGCGUA AUACGAACGUUGGCG 
. CUUCC CUAGCGCACAUGCGUACCUCUAUGCGUA AUACGAACGUUGGCG • 
CUUUG CUAGCGCACAUGCGCACCUCUAUGCGUA GUACGAACGUUGGCG 
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CUUUC CUAGCGCACAUGCGCACCUCUAUGCGUA ADACGAACGUCGGCG 
CUCUC CDAGDGCACAUGCGCACCUCDADGCGUA AUACGAACGUUGGCG 
; CUUUC CUAGCGCAUAUGCGCACCUCUAUGCGUA AUACGAACGUUGGCG 
CUUUC CUAGCGCAUAUGCGCACCUAUAUGCGUA AUACGAACGUUGGCG 
CUUUC CUAGCGCAUAUGCGCACCUCUAUGCGUA AUACGAACGUCGGCG 
CUUUG CUAGCGCACAUGCUCACCUCUAUGCGUA AUACGAACGUUGACG 
CUUUC CUAGCGCACAUGCGCACCUCUAUGCGUA AUACGAACGUAGACG i 
CUUUC CUAGCGCACAUGCGCACCUCUACGCGUA AUACGAACGUUGACG 
CUUUC CUAGCGCACAUGCGCACUUCUAUGCGUA AUACGAACGUUGGCG 
CUUUC CUAGCGCACAUGCGCACUUCUAUGCGUA AUACGAACGUUGGCG 
CUUUC CUAAUGCACAUGCGCACCUCUAUGCGUA AUACGAACGUUGACG 
CUUUC CUAACGCAUAUGCGCACCUCUAUGCGUA AUACGAACGUUGACG 
CUUUC CUAGUGCAUAUGUGCACCUCUAUGCGUA AUACGAACGUUGGCG 
CUUUC CUAGUGCAUAUGUGCACCUCUAUGCGUA AUACGAACGUUGGCG 
CUUUC CUAACGCAUAUGUGCACCUCUAUGCGUA AUACGAACGUUGACG 
CUUUC CUAACGCACAUGCGCACCUCUAUGCGUA AUACGAACAGUGAGA 
GGUUUCGACCA GCACCUUGACCGAUUCCACAGCUCUGCGGGAGA 

CUCCUCUA GCACCAUAUCCAAGCUACAACUUCACAACGACUCGGCC 
CUACGAACUCAUGACACAAGGAUGCAAUCUCAUCCCGCCAGCCC 
CUACGUUCCUUAUCCUCCCUUCAGGAACCUGUACACCACAUUGC 
UAUCAACAUUAGGGCUCCUUGGGGACCAGCGUCUCCUUGCAGCCCCGA 

GCUGACCACCGCCAACGCAACCUCCAAUGACUUGGAUCACCUAGACGAU 

In an aspect of this invention, we provide aptamers with such a sequence as listed above or as 
seen in Figure 6, and variants thereof. 

The variant aptamer ligands of this invention inchide: 

(a) jq)tamers with at least 15, 18, 20, 25, 30, 35, 40 or more nucleotides in common with a 
sequence of Figure 6, particularly aptamer ligands with 15, 18, 20, 25, 30, 35, 40 or more 
consecutive nucleotides identical to 15, 18, 20, 25, 30, 35, 40 or more consecutive nucleotides 
of a sequence of Figure 6, respectively; and 

(b) aptamers which are at least 80% identical with a sequence of Figure 6 or with an ' 
aptamer (a). - . _ . 
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In respect of (b), there is preferably at least 90% identity, such as at least 95% or at least 98% 
identity. Sequence identity is suitably determined by a computer programme, though other 
methods are available. We prefer fliat identity is assessed using the BestFit software from 
the Wisconsin/Oxford Molecular GCG package. 

One example of a typical motif believed to bring about common PrP binding is: 

^'CUA(RY)GNAYAYG^' 
^'GG GY^' 

Aptamers with this motif are preferred, especially monoclonal aptamers. • 
Methods for preparing aptamer ligands are provided by this invention. 

In a further, related aspect of this invention, we provide a procedure for preparing a full length 
PrP in p-form. 

In one embodiment, we provide ligands that can discriminate between normal and disease 
isofonns of the prion protein (PrP). In particular, we. have isolated 2'-F nucleic apid.ligands, 
or aptamers, to the abnormal PrP isoform derived from scrapie-infected hamster brain. The 
aptamers are hi^y specific to PrP and bind to the protein from several species, including 
humans, cattle, sheep, hamster and mouse. They have affinities in the range 10'^ M and have 
10-20-fold higher affinity for a P-isoform than the normal, a-isoform of recombinant PrP. 
This property can be used to identify the presence of abnormal PrP in isamples of infected 
tissue. These aptamers might therefore be used to develop a sensitive assay for material 
infected with the agents of BSE, scrapie and CJD. Fiirthermore, we show that one of our 
aptamers, aptamer 93, can inhibit PrP conversion in vitro. 

Example 

The present invention is illustrated by the following example based on our experimental work. 
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We describe the isolation of aptamers based On nuclease-resistant, 2' F chemistry ^^'^^ some of 
which show substantial selectivity in favor of the PrP^^ isoform. These novel ligands will be 
useflil in the development of simple diagnostic tests for TSEs and in the analysis of TSE 
pathogenesis. 

Materials and Methods 

Oligonucleotides 



All oligonucleotides used in this study (see Table 1) were synthesized by Genosys 
(Cambridge, UK). 

Table 1 



Name 


sequence 


Library 


AATTAACCCT CACTAAAGGG AACTGTTGTG AGTCTCATGT 
CGAA (N)50 TTGAGCGTCT AGTCTTGTCT 


T3 selex 


AATTAACCCT CACTAAAGGG AACTGTTGTG AGTCTCATGT ' 
CGAA 


T7selex 


TAATACGACT CACTATAGGG AGACAAGACT AGACGCTCAA 


EcoRI selex 


CCGGAATTCC GGAATTAACC CTCACTAAAG GGAACTG 


Sma I selex 


TCCCCCGGGG GATAATACGA CTCACTATAG GGAGAC 


Forward 


GCACCCCAGG CTTTACACTT TATGC 


Reverse 


CAGGGTTTTC CCAGTCACGA CGTTG 


3', 13-mer 


AATTAACCCT CAC j 

— , , i 



In vitro selection 



NSDOCI0:<WO 0188123A1 I > 



wo 01/88123 



PCT/GBOl/02228 



8 

T^e library oligonucleotide pool (see Table 1) comprising a region of 50 randomized 
nucleotides flanked by T3 and T7 transcriptional promoter sequences was converted into 
double stranded template following a protocol previously described by Tuerk All RNAs 
used for in vitro selection were produced by in vitro transcription with T7 RNA polymerase in 
presence of 2*-fluoro modified pyrimidine nucleotide triphosphates (TriLink 
BioTechnologies, Inc., San Diego), together with unmodified purine ribonucleotides in an 
optimized transcription buffer The 2'-F RNA transcripts were purified by electrophoresis 
on a 10% (w/v) denaturing polyaciylamide gel in TBE buffer. 

The pool of 2'-F RNA was heat denatured for 2 minutes at 95®C in deionized and filter- 
sterilized water, refolded for 10 minutes at room temperature in HMKN buffer (20 mM Hepes 
pH 7.2, 10 mM MgCla and 50 mM KCl, 100 mM NaCl), before being used for the selection 
process. The refolded 2'-F RNA pool (Snmol) was incubated with scrapie associated fibrils 
(SAF) purified firom approximately one-half of a hamster brain, prepared as described below. 
Before each roimd of selection an aliquot of SAF was sonicated in a cup-hom probe with three 
pulses of one minute each with an amplitude set at 40 and an output of 20 W. The binding 
reaction was done at room temperature in HMKN buffer for four hours. After partitioning 
the binding reaction was centrifiiged for one hour at 25,000 x g at 10**C. The amount of 
unbound 2' F-RNA in this first supernatant was stored at — 20°C. 

In order to remove non-specifically boimd 2' F-RNA, the pellet containing 2* F-RNA-SAF 
complex was washed three times with 100 |j1 HMKN buffer. The supemataats firom each 
wash were pooled with the first supernatant and the amoimt of unbound 2' F-RNA was 
determined by spectrophotometer (GeneQuant, Pharmacia UK). To recover a cDNA library 
enriched for aptamer-encoding sequences, the pellet containing bound 2' F-RNA was 
incubated with Tth DNA polymerase, T7 selex and T3 selex primers at 70°C for 20 minutes 
followed by PGR amplification following the protocol provided by the supplier (Promega WI, 
USA), 



Preparation of scrapie associated fibrils 
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Scrapie-associated fibrils (SAP) were prepared from the brains of hamsters that were infected 
with the 263 K strain of scrapie SAP were prepared without proteinase K treatment 
essentially as desaibed by Hope et al. ^ The final pellet (P285) was washed several times in 
water to remove traces of sarcosinate, before being resuspended in HMKN buffer pH7.2 
containing 0.02% azide and stored at -H'^C. 

Production of recombinant bovine, murine and sheep PrP proteins 

DNA sequences encoding methionine-initiated mature-length PrP proteins from cattle (6 
octarepeat allele), mouse (S7 allele) and sheep (ARQ allele) were obtained by PGR 
amplification of genomic DNA and inserted as BgLII - EcoRI restriction fiiBgments intp * 
expression plasmid pMG939 and amplified in Kcoli K12 lB392.pACYRIL, which 
overexpresses rare arginine, isoleucine and leucine tRNAs. Cultures were grown to 
saturation in Terrific Broth containing 100 p.g/ml ampicillin and IS p.g/ml chloramphenicol at 
30**C then diluted 400-fold. In late log phase, expression of PrP was induced by raising the 
temperature from to 45°C for 10 min, followed by incubation at 42°C for 5 h. 

The cells were then harvested by centrifiigation at 1 0,000 x g for 1 5 min. The pellet was 
resuspended in ice-cold lysis buffer (50 mM Tris-HCl pH 8.0, 100 mM NaCl, 2 mM PMSF, 
10 (jg/ml lysosynie, 10 pg/ml DNase 1, 1 mg/ml sodium deo:?7cholate) and incubated for 30 
nain at 37**C. The solution was then centrifuged at 10,000 xg for 30 min, and the supernatant 
discarded. The pellet was washed twice by resuspension in lysis buffer with centrifiigation at 
10,000 xg for 10 min between each wash. Proteins in the pellet were dissolved by 
suspending it in buffer A (100 roM sodium phosphate, 10 mM Tris pH 8.0, 8 M urea and 10 
mM 2-mercapthoethanol) and iacubadng for 30 min with gentle mixing. Cell debris and 
insoluble material were removed by centrifiigation at 15,000 xg for 15 min 

The supernatant was loaded onto a Ni-NTA-Sepharose column (QIAGEN Ltd. Dorking DK 
Q) pre-equilibrated with buffer A. After washing the column with the same buffer,, bound 
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proteins were eluted wifli buffer B (100 mM sodium phosphate, 10 mM Tris pH 4.5, 8 M urea 
and 10 mM 2-mercapthoethanol) as recommended by the supplier. For further purification 
the eluate from iho column was diluted 1 :2 with buffer C (50 mM Hepes pH 8.0, 8M urea and 
10 mM 2-mercapthoethanol) and loaded onto cation exchange chromatography column, SP- 
Sepharose (Amersham-Pharmacia Biotech). Recombinant PrP was eluted with buffer C 
supplemented with 1 .5 M NaCL Eluted fractions of recombinant PrP were pooled and 
disulfide bonds were oxidized by stirring overnight in a 2:1 molar excess of CuC^. After 
oxidation, the protein solution was dialysed against 50 mM Na-acetate pH 5.5, 1 mM BDTA, 
with several changes of buffer. 

Finally, the recombinant PrP was applied onto a size-exclusion chromatography colunm 
(Superdex 75 HR 10/30, Amersham-Pharmacia Biotech) equilibrated and eluted with 50 mM 
Na-acetate pH 5.5. 

Cloning and sequencing of monoclonal aptamers 

The pool of 2c-F RNA from the seventh round of in vitro selection was reverse transcribed 
and PGR amplified with EcoR I selex and Sma I selex primers (see Table 1). The resulting 
PcR product was digested with EcoR I and Sma I, subcloned into EcorRI-cut, Smal-cut and 
dephosphoiylated pUC 1 8. After ligation and transformation, plasmid DNA was prepared 
. from fifty insert-positive bacterial colonies using QIAGEN resin (QIAGEN Ltd. Dorking. 
UK) and used as template for sequencing in both directions with the forward and reverse 
primers (see Table 1) in the presence of PRISM^^igDye™ cycle sequencing ready reaction 
kit from ABI (Perkin-Elmer). The resulting sequences were compared to each other and 
aligned using ClustalX (version 1 .64B). Four representative 2'-F RNA monoclonal aptamers 
were selected for ftirther analysis; these were aptainers 73, 76, 90 and 93. 

5* end labeling of monoclonal aptamers 
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PCR-amplified templates for monoclonal aptamers 73, 76, 90 and 93 were in vitro transaibed 
as described above. The reactions were incubated overnight at 37 °C, RNase free DNase I 
(Sigma) was added to remove the DNA template, and the reactions were quenched by 
extracting with an equal volume of phenol-chlorofonn-isoamylalcohol pH 4.7 (Sigma). The 
nucleic acids in the aqueous phase were precipitated by adding 0.1 volume of 3 M sodium 
acetate (pH 5.2) and 2.5 volumes of ethanol. The precipitate was resuspended in formamide 
stop buffer and purified on a 10% denaturing polyaciylamide gel in TBE buffer. The product 
band was excised, eluted overnight in O.SM ammonium acetate, ImM EDTA pH6.S and 
extracted with an equal volume of phenol/chloroform. TTie.RNA was precipitated with 
ethanol and washed once with 70% ethanol and then dissolved in water. 

To label 2'-F RNA monoclonal aptamers at the 5' terminus, transcripts were dephosphoiylated 
using bacterial alkaline phosphatase (Phannacia-Amersham Biotech), incubated in presence of 
[y-^^P] ATP (Phannacia-Amersham Biotech), T4 polynucleotide kinase and T4 
polynucleotide kinase buffer supplied with the enzyme (Boehringer-Mannheini, GmbH) at 37 
for one hour. The reaction was terminated by adding an equal volume of formamide stop 
buffer and resolved on a 1 0% denaturing polyaciylamide gel in TBE buffer. Labeled 2'-F 
RNA monoclonal aptamers were visualized by autoradiography, excised from the gel, eluted 
and precipitated as described above. The purified 2'-F RNA. monoclonal aptamers were 
dissolved in water, quantified by C6r^nkov counting and used for gel mobility shift, 
foolprinting and structm'al analysis. 

AfGnity and specificity of monoclonal aptamers for recombinant bovine PrP 

The complex betwem aptamers and a-PrP or p-PrP was observed as a mobility shift in non- 
denaturing 0.7% agarose gel in 0.5 x TBE. A constant concentration of labeled aptamer 
(SOOOcpm) was incubated with various concentrations of protein (60, 90, 120, 150, 180, 240, 
300, 360, 480, 600, 720, 840, 960 and 1080 nM) in 20 mM Hepes pH7.2 for a-PrP or 20 mM 
Na-acetate pH 5.2 for P-PrP. Both buffers contained 100 mM NaCl, 10 mM MgC12, 50 mM 
KCl, 0.06% Nonidet P40 and 0.03 mg/ml of tRNA. Aptamers used for each experiment were 
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heated tq 95 ^^C for one minute in water and cooled at room temperature for 10 minutes in 
IIMKN buffer prior to adding proteiiL Reaction volimaes of 30 pi were incubated for one 
hour at room temperature before adding 3 pi of loading buffer (50% glycerol, 0.25% 
bromophenol blue, 0.25% xylene cyanol). The samples were immediately loaded onto 0.7% 
agarose gel in 0.5 x TBE and electrophoresed at 6 V/cm for 90 minutes. After 
electrophoresis was completed, the gel was vacuum-blotted onto Nylon membrane using 
Model 785 (BioRad) at 5-7 inches Hg for 40 minutes in 10 x SSC. 

Gel mobility, shifts were imaged using a Molecular Dynamics Storm 840 for quantitation. 
The binding data were analysed with GrapbPad PRISM and fit by non-linear regression to a 
hyperbolic function. 

Nuclease mapping of monoclonal 2'-F aptamers and footprinting 

We used en^^atic probing to detomine the secondary structure of 2'-F aptamers. End- 
labeled aptamers (see above) were heated to 95 for one minute in water and allowed to 
cool to room temperature for 1 0 minutes in HMKN buffer. Digestion with ribonucleases Tl, 
VI or SI (Amersham Phamiacia Biotech) was in 20 HMKN buffer The reaction 
mixtures contained 1 |jLg of tRNA, 5'-end labeled 2'-F aptamers (50 000 C^renkov c.p.m.) and 
1 |xl of the appropriate enzyme and the reaction was allowed to incubate at 20 °C for 5 
minutes. The following amounts of RNases were added: 1x10'^ imits of Tl, 7x10"^ units of Vi 
and 21 units of SL For footprinting the complex between 2'-F aptamer/recPrP was first 
allowed to form, following tiie conditions described for gel shift mobility assays, before 
canying out the RNase mapping. Reactions were stopped by extraction with phenol and 
precipitation of Ae 2'-F RNA with ethanol. The pellets were washed with 80 % eflianol and 
vacuum-dried. The 2'-F RNA fragments were then sized by electrophoresis on a denaturing 
15 % (w/v) polyacrylamide gel followed by autoradiography. A partial alkaline hydrolysis 
ladder of 2'-F aptamers ^ was run in parallel with a sequencing reaction with RNase Tl ladder 
giving the position of the G residues. 
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Chemical probing with DMS and CMCT 

Chemical probing was done under native conditions, essentially as described Reaction 
mixtures of 20 jjI contained the appropriate buffer (HMKN buffer pH 7.2 for DMS or 50 mM 
sodium borate pH 8.0 for CMCT modifications), 2 |ag fRNA and 0.1 |ig of 2'-F aptamer that 
had been refolded as described before. To initiate the reactions, 1 pi of DMS (1 :8 dilution in 
ethanol) or 1 \il of CMCT (40 mg/ml in water) were added. The reactions were incubated at 
20 ''C for 5 minutes (DMS) or 20 mmiites (CMCT). Immediately afterward, 2'-F aptamers 
were precipitated with ethanol. The pellets were dried and dissolved in water. Unmodified 
2'-F aptamer controls in the absence of DMS and CMCT were processed in parallel. 

Detection of modified bases by primer extension 

Reverse transcription reactions were done essentially as described The 3', 13-mer 
oligonucleotide (see Table 1) was S'-labelled in presence of [y-^^P] AIP and T4 
polynucleotide kinase as described above and purified firom the excess of radioactive ATP by 
polyacrylamide gel electrophoresis. Modified and control 2'tF ^ptamers (above) were 
incubated with primer DNA (50,000 c.p.m.) in hybridization buffer (50 mM Tris-HCl, pH 8.5, 
6 mM MgCl2, 40 mM KCl) at 65 ""C for 5 minutes in a final volume of lOpl and then cooled 
to room temperature. Elongation was done in 15 |xl at 37 °C for 30 minutes in the presence 
of 2.5 mM each of dATP, dCTP, dGTP and dTTP, and 2 units of avian myeloblastosis reverse 
transcriptase. Sequencing of the unmodified 2'-F aptamers was done as described 

Preparation of P-rich form of the full lengflx recombinant bovine PrP 

Full-length recombinant bovine PrP in the oxidized a form was converted to the p form . 
largely as described Circular dichroism (CD) was used to assess the folding of botii a and 
P form of PrP. Far UV CD spectra were recorded at a protein concentration of 75nM 
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between 1 90 and 250 nm at 25 ®C in a 0.0 1 -cm path length cuvette. The buffers used were 
10 mM Tris-acetate pH 5.0 for p-PrP, and 50 mM Na-acetate pH5 .5 containing ImM EDTA 
for a-PrP. 

The electrophoretic mobility of a and p form of PrP was analysed in low pH discontinuous 
native 15% polyacrylamide gel 

Preparation and analysis of brain homogenates 

Brain homogenates from humans, PrP knockout mouse (PtP^^\ control hamster and mouse 
and from scrapie-infected hamster and mouse, 263K and ME7 strains were prepared at 10% 
(w/v). Brain homogenates from BSE-diseased cattle and from control animals were prepared 
at 20 % (w/v). Brains were homogenized in HMKN buffer containing 0.5% Nonidet P40. 
Aliquots of the brain homogenates were stored at — 80 °C. They were used in gel mobility 
shift assays either as crude homogenate or, after detergent lysis and ultracentriftigation, as the 
PrP^^ fraction, P285 ^ hi the latter case, 200mg samples of brain from TSE-infected and 
control cattle, mouse and hamster, and of PrP^^® null mice were purified. The equivalent of 
6.7mg of roden^ or 13.4mg of bovine brain was then incubated with aptamer 73 together with 
proteinase K (50^ig/ml) in a total volume of 20|iil and analysed by agarose gel electrophoresis. 
Parallel samples of the human and animal brain homogenates were analysed by westem 
blotting using monoclonal antibody 6H4. This confirmed the presence of PrP^^ only in the 
case of individuals with TSE (data not shown). 

Results 
Figures 

Figure 1 . Binding of polyclonal, selected nucleic acids to purified scrapieassociated fibrils 
(SAF). 
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Appearance of SAF-binding nucldc acids in sequential romds of in vitro selection, detected 
by depletion. From round 3, there was no further inorease in tiie proportion of KNA bound to 
PrP^, as detected by depletion of RNA from the supernatant after miving with insoluble 
PrP^^ 

Figure 2. Affinity and specificity of monoclonal aptamers for recombinant bovine PrP 

A. Example ofband shift afGbity analysis of monoclonal aptamers against xecombi 
bovine PrP. 5000c.p.m. (about O.Olpmol) of ^^P-labeUed aptamCT 73 inixe^ 
recombinant bovine PrP at concentrations ranging j&om 60nM (lane 2) to lOSOnM (lane 
15). Lane 1 contains no PrP. 

B. Assays of the sort shown in panel A were quantitated by storage phosphor radiography. 
Squares (-+•) correspond to aptamer aptamer 73, inverted triangles (T) to aptamer 76, 
diamonds (♦) to aptamer 90 and triangles (A) to aptamer 93 . 

C. SpeciBcitjr of PrP-bindin£ aptamer. Band-shifts were pCTformed with ^^P-end-labelled 
aptamer ap93 and a range of protems. Latie 1 , no protefaj; lanes 2 and 4, recombinant 
bovine PrP (500 nM); Lane 3, recombioant sheep PrP(500 nM); lane 5, recombinant 
mouse PrP (5d0 nM); lane 6, recombinant human CD4 (500 nM); lane 7, streptavidin (500 
nM). 

D. Displacement of ap90/PrP complex by unlabelled ap90. ^^P end-labeled aptamer 90 
(5000 cpm) was incubated with alpha form of recombinant bovine PrP (720 nM) and 
increasing concentrations of unlabelled ap90. Lane 1, no competitor. Lane 2, 80nM; 
lane 3, 90nM; lane 4, lOOnM; lane 5, 1 lOnM; lane 6, 140nM; lane 7, ISOnM; lane 8, 200nM 
unlabelled ap90 competitor. 
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Figure 3 . In vitro conversion of recombinant bovine PrP to a p-rich form 

A. Circular dichroism of recombinant bovine PrP before (continuous line) and after (dashed line) 
reduction of disulphides, denaturation with 6M guanidinium and refolding in Tris acetate pH 
5.0 

B. SDS-PAGE analysis of native, recombinant bovine PrP (lane 2) and three separate batches of 
P-rich, refolded PrP Ganes 3 - 5) . 

C. Native PAGE using ttie pH 4.4 Reisfield system of native and refolded recombinant bovine 
PrP. The p-fomi has a lower mobility, produces a sharper band and stains less well with 
Coomassie than the a-form. The common low mobility band is probably an oligomer of PrP. 

Figure 4 Affinity of aptamers for P-form bovine PrP 

A. The afBnity of aptamers for in v//ro-refolded, p-rich isofomi of PrP was measured by 
performing gel-retardation assays between 0.01 pmol of ^^P-labelled aptamer and varying 
concentrations of protein. In this example, the aptamer was aptamer 76. 

B. The proportion of aptamer complexed with protein was quantitated by storage phosphor 
radiography. Squares (+) correspond to aptamer ap73, inverted triangles (▼) to ap76, 
diamonds (♦) to ap90 and triangles (A) to ap93. 

C. C, Comparison ofaffinityofaptamers for a and P-form PrP. The concentration- 
dependence of aptamer interaction with a-form bovine PrP (Figure 2B) and p-fonn bovine 
PrP (Figure 4A) was jBtted to a hyperbolic function by non-Unear curve fitting. The error 
bars represent the standard error of the mean of the hyperbolic fit. 

Figure 5 Discrimination between normal and abnoraial forms of PrP by aptamers . 
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A. Detection by gel-retardation, of low concentration of p-form PrP in presence of the a 

. feoform. A constant amount of ^^P-labelled PrP aptamer 73 (5000 c.p.m.) was incubated 
with an eqtiimolar mixture of a and P-fonn recombinant bovine PrP at final concentration 
of 0, 60, 120, 150, 180, 240 and 300nM Qanes 1 - 1, respectively). Aptamer-PrP 
complexes were separated fix>m firee aptamer by agarose gel electrophoresis. 

B. Detection of disease-specific bands corresponding to aptamra/ PrP complexes in purified 
samples of infected and control hamster, catde and mouse brain. The insoluble firaction 
of detergent-extracted brain samples were incubated with ^^P-labelled PrP aptainer 73 and 
then analysed by agarose gel electrophoresis, as described in Methods. The left-hand 
panel shows the autoradiograph revealing the position of aptamer and aptamer-PrP 
complexes. The rig^t hand panel shows a parallel immunoblot, using monoclonal anti- 
PrP antibody 6H4 to detect the presence of PrP and PrP-containing complexes. 

C. Detection of disease-specific PrP complexes with aptamer in human brain samples. 
Samples of cerebral cortex from a normal hxmian (RU97/03, lanes 2 and 7), firom two 
cases of sporadic CDJ (RU991009, lanes 3 and 8; RU97/008 lanes 4 and 9) and fi-om a 
case of variant Clix (RU98/148, lanes 5 and 10) were homogenized, clarified by low- 
speed centrifugation, treated (lanes 6-10) or not treated (lanes 1-5) with proteinase K and 
mixed with ^^P-labelled PrP e^tamer 73 . High molecular aptamer-PrP complexes were 
separated fix)m fi:ee aptamer by agarose gel electrophoresis. The left-hand panel shows 
the autoradiograph revealing the position of aptamer and aptainer-PrP complexes. The 
rig^t hand panel shows a parallel immunoblot, using monoclonal anti-PrP antibody 6H4 to 
detect the presence of PrP and PrP-containing complexes. 

Figure 6. Sequences of PrP-binding aptamers 

The sequences of 25 aptamer clones (randomized regions only) are shown. The majority fall 
into a closely related group, wWch are afigned in the figure vising ClustelX(^^^ Dots 
represent gaps iabx>duced for alignment purposes. Nucleotides shown in white-6n-black are 
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absolutely conserved among this group, while those shown m black-on-gray are >75% 
conserved. SdmU stretches of homology are apparent between the three orphan aptamers and 
the coqsensus of Group I and the nucleotides are laterally displaced and shaded in the figure to 
highlight these. 

i 

Figure 7. Secondary structure and epitope-mapping of four PrP-binding 
aptamers 

A. Nuclease mapping of aptamer 93 under statistical conditions. Example of an auto 
radiogram of 15% polyaciylamide gel illustrating the cleavage products of 5'-labeled 2'- 
fluoro-aptamer 93 . Lanes OH and G represent hydroxyl and RNase TI ladders, 

. respectively. The gaps in the hydroxyl ladder indicate the positions of 2'-ff.uoro^ 

pyrimidines that are resistant to alkaline hydrolysis. Lane Tl, RNase Tl mapping; lane VI, 
RNase VI mapping; lane SI, RNase SI mapping assayed at 20 for 5 minutes at pH 7.2 
using the following amoumt of nucleases: 1x10-2 units of H, 7 x 10-2 units of VI and 21 
units of SI. 

B. Example of chemical probing of aptamer 93 with (DMS), dimethyle sulfate and (CMCT), 
1 -cyclohexyl-3-(2-morpholinoethyl)carbodiimide metho-p-toluene sulfonate. Auto- 
radiogram of 10 % polyacrylamide gel of primer extension products using 5 '-end-labelled 
oligonucleotide (AATTAACCCTCAC) complementary to the 3 ' end of aptamer. 2'- 
fluoro-aptamer 93 was probed in 1 x HMKN buffer pH 7.2 for DMS and in 50 mM 
sodium borate pH 8.0 containing 10 mM MgC12 and 50 mM KCl for CMCT. Reactions 
were carried out at 20 ^C for 5 and 20 minutes for DMS and CMCT, respectively. 
Umnodified (control lane) 2'-fluoro-aptamer 93 was run in parallel to discaiminate 
between stops specifically induced by chemical modifications and those due to the 
presence of stable secondary structures or spontaneous cleavages. Note that primer 
extension stops one residue prior to the modified bases, so tiie bands in the probing lanes 
are shifted down one residue relative to the corresponding sequencing bands. Lanes U, C, 
G and A are specific reverse transcription sequencing' ladder. 
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C. Example of an axito radiogram of 1 8% polyaciylamide gel illustrating the footprinting of 
recombinant bovine alpha-PrP binding site onto 2'-fluoro-aptamer 93 using nucleases H, 
VI and SI .Lane C, control 5 '-end labeled 2'-fluoro aptamer; Lanes OH and G represent 
hydroxyl and RNase Tl ladders, respectively. The black wedges at the top of the gel 
indicate flie increasing concentrations (0, 120, 360 and 1080 nM) of alpha-PrP. 

D. Composite of nuclease cleavages and chemical modifications overlaid on the deduced 
secondary structure model of 2'-fluoro-aptamer 93 . The intensities of cuts/modifications 
are proportional to the darkness of the symbol. 

E. Reactivity changes towards nucleases Tl, VI and S 1 induced by the binding of alpha PrP to 
2'-'fluoro-aptamer 93 overlaid on the proi>osed secondary structure. Three degrees are 
distinguished; weak or mild protection against nucleases attack or enhanced reactivity 
towards nucleases. 

F- As in figure (E), but for 2'-fluoro-aptamer 76. 

Figure 8. Inhibition of PrP conversion in vitro by aptamer 

Recombinant PrP, tagged with-tiie epitope for the 3F4 antibody was prepared in alpha helix- 
rich, native form was incubated in Ihe presence or absence of either PrP-specific aptamer 93 
or the non-specific tRNA, This mixture was then incubated in the ipesence or absence of 
scrapie-associated fibrils derived from infected hamster brain (PrPres) according to tiie 
method of [Kocisko, 1995 #556], imder which conditions the recombinant protein normally 
acquires the protease resistance properties of the infectious Pipres. This conversion process 
was assessed by incubating the mixtures m the presence or absence of proteinase K ^K) and 
thai subjecting fliem to SDS-P AGE. The ^earance of a band (marked by the am>w) m the 
lanes corresponding to PK-treated samples is indicative of conversioiL In the «periment 
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shown, it is evident that the conversion process is substantially inhibited by aptamer 93 but 
notbytRNA. 

Construction of a 2' F RNA libraiy and enrichment for PrP^-binding sequences 

A DNA library comprising a 50 nucleotide randomized region was synthesized. In theory, 
this library could comprise 4^^=3x10 distinct sequences although in practice, only 
approximately 1 0^^ of these are sampled during the selection process The library was 
transcribed to produce 2' F-substituted RNA and subjected to repeated cycles of in vitro 
selection. Enrichmrat of PrP^^-specific nucleic acids was detected by measuring the 
depletion of nucleic acids fiom the supernatant during the partitioning step of successive 
roimds of selection. The results showed that PrP-binding nucleic acids became a significant 
firaction of the population by selection round 3 (Figure 1), This pool was subjected to a. 
further three roimds of selection although there appeared not to be further enrichment for 
PrPSc-binding aptamers (see Figure 1). The pool of 2' F-substituted RNA from round 7 was 
cloned as cDNA, 

Affi n ity and specificity of monoclonal aptamers for recombinant bovine PrP 

Because we were interested in isolating aptamers that would be able to analyse PrP isolated 
Scorn multiple species, we screened the in v//ro-transcribed, monoclonal sequences against 
recombinant bovine PrP. We found that they all boxmd to bovine PrP in a concentration- 
dependent maimer (see, for example, aptamer 73 at Figure 2A) and displayed single-site 
binding characteristics with Kd in the 200 - SOOiiM range (see Figure 2B). 

In order to determine the degree of cross-reactivity between natural and recombinant PrPs of 
different species, we performed band-shift assays using recombinant bovine, ovine and murine 
PrP (see figure 2C, for aptamer 93). The results show that all of the PrP-specific aptamers 
react with all forms of PrP from diverse species. In order to check that the aptamers did not 
have a general ability to bind proteins, we performed analogous band-shifts using recombinant 
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human CD4 and streptavidin, both of vdiich have the abili^ to genraate aptamers and 
Tghiri-Alaom and James (unpublished results). The results (Figure 2C lanes 9 and 10) show 
that the binding of the aptamas is PrP-specific. 

As a final confirmation of specificity, we were able to show that unlabeled aptamer ap90 was 
able to displace end-labeled ap90 fix>m PrP-aptam» complexes in a concentration-dependent 
manner that indicates an affinity in the order of approximately 1 OOnM (see Figure 2D) ' 

Conversion of recombinant bovine PrP to prich form in vitro 

In order to assess whether the binding of PrP-specific aptamers was affected by the 
conformation of the protein, we needed a standard preparation of pure, monomeric and 
soluble PrP of the P-form. Accordingly, we denatured and reduced the disulphide bridges of 
the native, a-form, recombinant bovine PrP and refolded it under low pH conditions, lai^ely 
as described by Jackson et ah The resultant protein had lost the characteristic CD 
spectrum of a-form PrP and had a spectrum consistent with that of p-form PrP (Figure 3 A). 
This is different fi-om previous reports in three respects. First, we used a full-length PrP and 
not a truncation, like 90-23 1 Second, we used bovine PrP, rather than human or hamster 
PrP. Finally, refolding was done at pH5, rather than pH4. This P-form of the protein was 
found not to be degraded or otherwise covalently miodified when analysed by SDS-PAGE 
(Figure 3B) or electro-spray mass spectrometry (data not shown). However, the P-form PrP 
had a lower mobility on a native gel system (Figure 3C), perhaps indicative of a change in 
conformation from the a form to a more extended p form. 

Differential affinity of aptamers for a-form and p-fonn bovine PrP 

The titration of ^^P-labelled aptamer and 13-PrP was monitored using band-shift assays as 
described before. Titration of p-PrP into labeled aptama at a concentration of approximately 
60 nM yields a complex of slower electrophoretic mobility than the unbound aptamer as 
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shown in Figure 4A. To determine the apparent afiSnity constant for this aptamer P-PrP 
interaction, the amount of ^^P present in the free and bound aptamer bands was quantified and 
the binding data were fitted by non-linear regression to a hyperbolic function OP'igure 4B). 
This gave values of 74(±3) nM, 25(±5) nM, 37(±2) nM and 22(±5) nM for aptamers 73, 76, 
90 and 93 respectively. These dissociation constants are between 10 and 20-fold lower than 
those determined for the a-form of bovine PrP, hence the aptamers bound to ji-PrP with 
substantially higher afiSnity than to a-PrP (see Figure 4C). Interestingly, the aptamer-p-PrP 
complex has a faster electrophoretic mobility than the complex between the same aptamers 
and a-PrP. 

Discrimination between normal and abnormal forms of PrP by aptamers 

We performed a band-shift assay in which we inixed a PrP-specific aptamer with equimolar 
mixtures of the a and p forms at a range of concentrations to see whether the differential 
affinity of aptamers for a-form and p-form PrP could be used to discriminate between the two 
isoforms present in the sanie sample (Figure 5 A). The results show that the band 
corresponding to p PrP-aptamer complexes appeared at lower concentrations of the PrP mix 
than did the band corresponding to aptamer-a PrP complexes. 

Next, we tested whether the observed difference in affinity of aptamer 73 for a and p-forms of 
recombinant PrP could provide the basis for screening samples of animal brain for the 
presence of TSE material. Accordingly, we took samples of brain from TSE-infected and 
control cattle, mice and hamsters, and of PrP^'^null mice and analysed the Sarcosyl-insoluble, 
proteinase K-resistant fraction of each by gel mobility shift assay using aptamer 73 (Figure 
5B). Samples from TSE-infected animals of all three species are characterized by the 
presence of two bands: a band of mobility similar to that of the RNA-p-form complex seen in 
previous experiments and a protease-resistant aggregate that fails to enter the gel (Figure 5B). 
Samples from uninfected cattle, mouse and hamster brains do not produce either band and, • 
significantly, neither does that from the PrP-null mouse (Figure 5B). When parallel samples 
were blotted onto nitrocellulose and probed with PrP-specific antibody 6H4 the aggregate was 
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shown to contain PrP (Figure 5B). Finally, we examined crude human brain homogenates by 
a similar method. Following proteinase K-treatment, high molecular weight complexes of 
PrP and aptamers only formed with brain homogenates prepared from individuals with 
sporadic and variant CJD and not with homogenate of normal human brain (Figure 5C). 

Sequences of PrP-binding aptamers 

The sequences of fifty clones encoding ligands for PrP (Figure 6) show that the great majority 
of ligands fell into a closely related group, possibly deriving from a single sequence present in 
the initial library, although insertion, deletion and substitution of nucleotides during in vitro 
evolution produced divergence of up to 25% between members of the group. Six other PrP- 
binding sequences were identified, each of which probably derived from a distinct member of 
the initial library. Intriguingly, these contained some stretches of weak sequence homology 
with the main group consensus and with each other that might reflect some convergence of 
structural features. 

Secondary structure and epitope-mapping of PrP-binding aptamers 

hi order to identify \^ether the sequence features identified above were related to the 
structure and function of the aptamers, we investigated their secondary structure. Stmcture- 
sensitive nucleases detect regions of single-strandedness (SI and TI) or double-strandedness 
(VI). Chemical probing detects whether otherwise reactive groups are engaged in Watson- 
Crick H-bonds. In Figure 7 A and B,. we illustrate a study of one aptamer, clone 93, which 
had shown some sequence similarities with aptamers from Group I. In the 3' half of the 
aptamer, both enzymatic and chemical probing methods were consistent with domains 3 and 4 
in the secondary structure predicted using the stochastic algorithm of STAR software ^^"^^ 
(Figure 7D,). However, the 1 4nt at the 5 ' end of the randomized portion of the aptamer (nt 
24 - 37; domain 2) and a portion of the 5 ' fixed sequence (nt 10-16; within domain 1) gave 
patterns of nuclease smsitivity consistent with a more double-stranded structure fhaifthat 
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predicted by software. 

Interestingly, when enzymatic probing was done in the presence of increasing amounts of 
soluble recombinant alpha-form of bovine PrP (Figure 7C), these portions of tite 5' half of the 
molecule showed the greatest protection from nuclease attack, suggesting they contained the 
binding site for PrP (Figure 7E). Further, the region of weak homology with group 1 
aptamers coincided with this region, suggesting that the evolutionary convergence was 
adaptively significant 

Discussion 

Here we describe the isolation of novel nucleic acid ligands for PrP, the key protein in the 
pathogenesis and transmission of vCJD, BSE and all other TSEs. Whereas previously 
described nucleic acid ligands, or aptamers, for PrP were composed of nuclease-sensitive 
RNA, the aptamers described here are composed of nucleaseresistant, T F-substituted nucleic 
acid, providing a significant advantage when studying nuclease-rich samples, such as the 
brain. Moreover, unlike previous aptamers, those we describe here have substantially higher 
affinity for the P-form of PrP than for its a-ispform. Although one monoclonial antibody has 
been described that has a greater affinity for aggregated PrP compared to the normal isoform 
of the protein it is not widely available and, unlike the aptamers described here, is sensitive to 
proteases. 

The great majority of the PrP-binding sequences described here are so closely related that they 
appear to be derived from a single, ancestral library sequence. The 5 ' half of this group is 
predicted to fold into two helix-loop domains separated by an 8nt unstructured region (see 
Figure 7). Minor sequence variation between members of this group preserves base-pairing 
within the two helices, and eruymatic probing confirms that they are, indeed, double-stranded. 
The region between the first two helices, which is predicted to be unstmctured, shows 
sensitivity to VI endoribonuclease, suggesting substantial base-stacking, involvement in 
tertiary structure elements or non-canonical base-pairs. Six PrP-binding aptamers, whose 
sequence shows that they clearly derive from distinct members of the starting library. 
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nevertheless show patches of homology with the main group aroimd this putatively 
unstructured region. MoreovCT, in each case, the region of homology is predicted to be 
unstructured and shows paradoxical VI reactivity. Significantly, in each case, this region is 
the focus of nuclease protection in the presence of PrP, suggesting that it comprises the 
contact site for the target protein. Consequently, it is most probable that the stmctural motif 
responsible for PrP binding is homologous in all the ^tamers here described. Studies of this 
sort cannot give definitive structural data, but we suggest that the most likely conunon PrP- 
binding motif is: 

^'CUA (RY) GNAYAYG^' 
^'gG " GY^' 

The basis for the preferential recognition of P-fomi PrP by these aptamers nMy be revealed by 
the gel-shift experiments. First, we should note that in the absence of ^tamer, the p-form 
PrP migrates more slowly than the native form in non-denaturing gels. This is expected if tiie 
p-rich structure were to adopt a more extended stmcture, with a consequent iucrease in 
solvent-exposed surface, upon transformation from the globular, a helix-rich native form. 
However, we saw that the mobility of the complex formed between aptamer and the P-form of 
PrP was greater than that with the a-form, suggesting that the solvent-e^^osed surface of the 
former complex was less than that of the latter. This suggests tiiat the area of contact 
between aptamer and the p-form is greater than with tilie a-foim, and this is consistent with a 
higher afGiuty for p than a. It has previously been reported that KNA interactions with 
proteins are generally more favorable with P-sheet than a helix 

We also see evidence that the contact region of aptamer becomes more structured after 
interaction with PrP, as evidenced by increases in VI reactivity. The increased electrophoretic 
mobility of the aptamer -p PrP complex may. also be attributed to a dramatic change in the 
conformation of the bound aptamer. This gel mobility enhancement has also been observed 
with the RNA binding protein HIV Rev and al&lfa mosaic virus coat protein These 
interactions should provide us with tools for studying the conformational transitions believed 
to occur to PrP during the pathogenesis of scrapie, BSE and CJD. 
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We have been able to show that the differential affinity of tiiese aptamers for the p-fonn of 
PrP, together with tihueir resistance to proteases and nucleases, enables one to detect disease- 
associated form of PrP in the brains of infected cattte, mouse and hamstCTS. Even more 
strikingly, the same aptamer was able to differentiate between erode brain samples from 
normal and CDJ-affected humans. While gel-shift assays are probably impractical for routine 
use, the results indicate that 2' F RNA aptamers could be used in order to develop a more 
reUable and sensitive test for sub-clmical infection with TSEs such as BSE and vCJD than is 
presently available. 
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Claims 



1 . A ligand for PrP which is protease resistant and nuclease resistant 



2. A ligand according to claim 1 vAAdi bmds to at least one isoform of PrP with an afSnity 
constant in the range of 1 to 10,000 nM . 



3, A ligand for PrP which is selective for a PrP isoform. 



4. A ligand according to claim 1 or 3 which is selective for PrP^. 



5. A ligand according to claim 4, where the ratio of afBnity constants for PrP^iPrP^*^ is at 
least 5:1. 



6. A ligand for PrP A?sdiich is a nuclease-resistant aptamen 



7. A ligand according to claim 6 which is a 2'-F-substituted nucleic acid 



8. A ligand according to claim 7, which incorporates the structural motif: 

^'caA(RY) GNAYAYG^' 
^'GG GY^' 
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9. A method for detecting a PrP which comprises contacting a sample with a ligand 
according to any preceding claim and determining if there is ligand-PrP binding. 

10. A method for detecting a TSE which comprises contacting a sample with a ligand 
according to claim 4 and determining if there is ligand-PrP^^ binding. 
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